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This paper presents the main characteristics of on-demand mapping on the web 
and focuses on existing tools which enable users to conceive maps and to 
specify their styles in particular. Most on-demand map applications do not help in 
the legend design process. Customisation options exist, but users may not reach 
a correct and satisfying result. Our purpose is to assist them in their legend 
design process and especially in creating accurate styles in order to conceive 
satisfying and correct legends. We propose a man-machine dialogue between a 
user and a system: the system, holding the cartographic expertise, helps the user 
to conceive his legend. The dialogue relies on a specific legend creation strategy 
based on map samples in order to satisfy both user’s (tastes and needs) and 
system’s (cartographic rules) constraints. A prototype of a web map client 
implementing the dialogue methodology is under development. 
 





In this paper, on-demand map design refers to the process of designing a map 
that will convey the message intended by a user. Our paper is organized in two 
main parts. The first part focuses on the on-demand style design on the Web: 
current solutions, remaining issues, our objectives and related challenges. In the 
second part, we present our proposal, a dialogue approach to assist a novice 
user in conceiving a satisfying and cartographically correct legend, and our 
dialogue prototype under development. 
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1.1 On-demand style design on the Web 
 
Designing a legend is not merely portraying geographical objects. It includes 
selecting relevant features to be portrayed on the map, acquiring data 
representing these features, defining styles, drawing the map, evaluating the 
map, and modifying the data or the styles (Bertin 1967, MacEachren 1995, 
Monmonnier 1991). Hence, the user of the on-demand map design process is not 
necessarily the reader of the map, i.e. the end user of the map. 
 
We focus on a specific step of this process: defining styles that will lead to a map 
that will fit the user need. Cartographical signs must altogether convey a visual 
message. Bertin (1967), MacEachren (1995), Monmonnier (1991), Tufte (2006) 
proposed a set of clues to use correctly the graphical variables in order to design 
a legible message. For instance, colours’ hues must be chosen very carefully in 
terms of contrasts: different objects must have hues sufficiently contrasted. 
Moreover colours have to be chosen carefully compared to their conventional 
representations: the sea should be blue, the vegetation should be green …etc. 
Another cartographic rule is to avoid choosing a lot of brilliant colours. Figure 1 
presents a bad example of a non-conventional use of (brilliant) colours and 
shows that the message of the map is not immediately legible. This map is also a 
bad map because it has no legend. 
 
Figure 1: an example of an illegible map 
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If the user sticks to the cartographical rules, the message of the resulting map 
should be the same of his intended message. If he does not stick to them, the 
resulting message could be misunderstood by the users of the map.  
 
In recent years, we have witnessed the emergence of many cartographical tools 
on the Web, allowing users to ask for on-demand maps. In this work, we focus on 
a specific aspect: the conception of accurate styles. Hence we do not consider 
other important aspects like data acquisition, generalisation, label placement or 
adapting a map to various supports. In the next section we present existing 
online tools to create maps and their level of style customisation. Then we 
specify our purpose and the related challenges. 
 
1.2 Existing on-demand mapping tools to create styles 
 
There are different ways the user may or may not customise the styles of a map. 
 
1.2.1 The user chooses scale but not style 
On the on-demand map system proposed by the French National Mapping 
Agency IGN, the user can choose a specific scale (1:15000, 1:20000, 1:25000 
and 1:30000) and his place of interest as shown on Figure 2: different legends 
are predefined for each scale and users can not create their own styles. 
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1.2.2 The user chooses between predefined styles 
In applications based on OGC Web Map Service specifications (OGC 2006), the 
user may retrieve cartographical layers drawn by the server based on geodata 
(administrative boundaries, topographical map, geodetic reference site...). The 
server may propose several predefined styles adapted to its feature layers. The 
user customisation consists in selecting styles for each feature layer and 
overlaying cartographical layers. However these styles may not yield a satisfying 
result when they are used together: if the user chooses to put roads in red, while 
fire danger areas are put in red too, the intended message of the map will be 
ambiguous. The map can even become inconsistent. Figure 3 presents the 
Geoportail of the French Mapping Agency IGN. 
 




Besides, not all users are satisfied with using predefined styles. It is obvious on 
the Web that people want to express their creativity and design attractive and 
original interfaces. 
 
1.2.3 The user creates his own styles on a cartographic client 
In applications based on OGC Web Feature Service specifications (OGC 2005b), 
users retrieve features and create their own styles on a cartographic client such 
as the geospatial application UDIG (See Figure 4). As we explained in the 
introduction of the section, if the user sticks to cartographical rules, the resulting 
map will convey his intended message. But not all users have the required 
theoretical (semiotic) knowledge to do so. It will also be very time-consuming for 
users to choose and test each style one by one until they are satisfied. Therefore, 
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users could encounter difficulties customizing maps according to their tastes and 
needs. 
 





1.2.4 The user create his own styles on a cartographic tool with 
assistance in style definition 
To overcome these difficulties, novice users need some help. The ColorBrewer is 
a tool that helps users in style definition for thematic maps. First, the number of 
thematic classes, and the type of relationship have to be specified. Next the 
server proposes styles. Finally, the selected style can be applied on sample data 
and visualised. Figure 5 shows a screenshot of one of the cartographically 
correct solutions proposed by the ColorBrewer program, in case the required 
map to design has 5 classes of objects of different nature. 
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Figure 5: an example of a thematic map (5 classes of different nature) 
 
 
The screenshot in Figure 6 shows how an order relationship between our classes 
would be represented by the ColorBrewer: 
Figure 6: an example of a map (5 classes with order relation) 
 
 
To conclude, two types of situation are met: 
- The maps are good in quality but the user has no customisation options  
- Customisation options exist, but the user may not reach a correct result 
or it could be time-consuming. 
 
1.3 Purpose and related challenges 
 
1.3.1 Purpose 
This work is an ongoing PhD at IGN COGIT Laboratory. Our purpose is to assist 
users in the map design process and especially in conceiving accurate styles in 
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order to develop satisfying topographical legends. The system holds the 
cartographic expertise that users lack, and users choose the satisfying portrayal. 
Another purpose of our work is to favour users’ creativity during styles definition. 
We would like to encourage them to conceive styles that they really like. The 
system is designed for a variety of users, but more useful for novice users who 
do not have the required skills to use current cartographic tools on the web. In a 
professional context, some people who are not experts in cartography must 
conceive maps: for example, someone could have to make a map to visualize the 
scattering of a phenomenon such as pollution and its impact on the environment. 
Depending on his own purpose (visualisation or analytical map) the user chooses 
a portrayal that satisfies him. Accordingly, our application is useful when one 
needs to create a map based on topographical data. Having said that, our system 
could also be useful for advanced users who look for innovatively designed 
legends and who do not have time to design them by themselves. 
 
1.3.2 Related challenges 
Our objective raises a number challenges that must be overcome in order to offer 
this assistance. The first challenge consists in supporting the expression of user’s 
requirements. We must be aware that tastes are difficult to express in a formula. 
For a user, it may even be difficult to conceptualize his own taste. Besides, the 
conceptualization process may vary from one user to another. We need 
techniques to acquire user’s tastes. Another issue is the question of how to 
handle situations where a user wants something that contradicts the 
cartographical rules. For example, if he wants plenty of bright colours on his map, 
the system should warn him: “With lots of bright colours, your map will be less 
legible”. There can also be conflicts between the user and the cartographic point 
of view. In such a case, we must be able to find a compromise between user’s 
taste and system’s cartographer rules. Finally, designing a system that supports 
creativity is also a big challenge. 
 
2 METHODOLOGY: DIALOGUE APPROACH  
 
Considering the specific challenges related to our objectives presented in the 
previous section, our approach is based on the idea that dialoguing is the most 
efficient way for interlocutors to get to know each other, understand an issue, 
adapt to it and solve problems. We propose a man-machine dialogue between 
users and a system that holds cartographic expertise. First we present the 
dialogue techniques. Then we focus on which medium could be used for 
communication. Then we specify the goals of the dialogue in order to define the 
model of dialogue, including strategies of dialogue, creation strategies and 
cartographical expertise. 
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2.1 Dialogue techniques 
 
Man-machine dialogue techniques allow an artificial situation of dialogue 
between a man and a machine. Caelen (2007) specifies that “the machine must 
be able to infer and manage the user’s goals, apprehend his acts (…), to interpret 
them depending on the situation, in order to finally generate and develop the 
most adapted action or action plan.” This definition highlights three main 
elements of the man-machine dialogue:  
 
- The goal(s): Caelen (2003) characterises a goal as “a situation to reach 
or a mental state to satisfy”. In Christophe et al. (2007), we defined the 
main goal as the common ground both interlocutors have to reach to be 
satisfied: one legend that satisfies both of them. 
- The acts: actions of communication (propositions from the system to the 
user, clicks on the interface by the user, warnings from the system…) or 
actions of creation (selection of colours, legend application to the initial 
data, constraints to infer by the system…).  
- The developed strategies of dialogue: Caelen (2003) defines a strategy 
of dialogue as a “way to manage a dialogue between interlocutors in 
order to drive a conversation”. The global strategy of our dialogue is in 
accordance to this definition. In our context, “to drive a conversation” 
means to develop more and more accurate specifications for the optimal 
legend. Moreover, “to manage a dialogue” means to maintain and 
evaluate it. 
 
In Christophe et al. (2007) we describe different types of dialogue and choose the 
negotiation as a base of our dialogue. Baker (1994) describes the negotiation as 
a dialogue in which both interlocutors have attitudes such as offer, acceptation, 
refusal, about propositions. In the following sections, we present the goal of the 
dialogue, the interaction modalities and the strategies of our dialogue. 
 
2.2 The goal of the dialogue 
 
In a man to man dialogue, the goal of the dialogue is usually to communicate 
information. Sometimes, there is a kind of “contract” between interlocutors: both 
of them have agreed to reach a common goal even if they may keep their 
personal interests and stakes. In our context, the user wants a map that he likes 
whereas the system wants a map that conveys the user’s message to future 
readers. Thus the main goal of the dialogue is to reach the map “that the user 
likes” and “that conveys the user’s message”. In order to represent this goal, our 
approach is based on the OGC MapContext Model (OGC 2005) which is not a 
visualization of a map, but a description of how to draw it. It has to be extended 
to take into account the two notions of the map “that the user likes” and “that 
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conveys the user’s message”. New items added to the existing OGC Model are 
marked green in Figure 7 below. 
 
Our extension introduces the new item MapConstraint that may represent:  
- User’s tastes (“map that the user likes”): “to have some yellow”, “to have 
roads to be portrayed with style1 or style2”, “not to have aggressive 
colours”, etc. 
- Cartographical constraints (“map that conveys the user’s message”): “a 
contrasted map enough”, “harmonious colours”, “legible colours”, etc.  
 
Those two kinds of constraints act directly on the Map. 
 
Figure7: The extended OGC MAPContext 
 
 
Cartographic rules, such as “order relationships are best rendered by differences 
in colour intensity”, yield constraints that apply to two explicit items: 
- An item Relationships that represents the relations between elements of 
a legend (i.e. association, order, divergence) and between element(s) 
and the legend (i.e. order of display) (Chesneau 2006, Buard and Ruas 
2007). 
- An item Colour Relationships that specifically represents the colour 
rendering of the previous defined relationships. 
 
To sum up, the main goal is formalised by a Map Object that not only specifies 
the design process, since all styles are documented with OGC MapContext 
items: It also states user goals and tastes (the message) and satisfaction criteria 
(the cartographic rules).  
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2.3 Interaction modalities 
 
The second dialogue element to formalise is the way that both interlocutors 
interact: the actions of communication. In a man to man dialogue, interlocutors 
use natural language most of the time, but also gestures and facial expressions. 
For novice users, it could be difficult to express what they need and what they 
like, since they do not know the vocabulary of cartography. Moreover, at the 
beginning of the map design process, they might not know exactly what they 
want. In those situations, the natural language could be an impediment in the 
conception process (Christophe et al. 2007). The system’s propositions of 
cartographic examples to users help them to express their tastes. For this 
purpose, we use a database of 104 map samples created by Domingues and 
Bucher (2006). It contains various legends applied to topographical data of a 
predefined area: users can visualise a legend on a kind of data, they can refine a 
legend by modifying a colour, for instance, and finally see the result. Map 
samples have properties related to users’ perception (warm, pastel, luminous, 
sober, cold, realistic and original) and hues (primary and secondary) documented 
by experts. Hubert (2003) used map samples combined with natural language as 
dialogue objects to help a novice user to parameter a generalisation algorithm. 
 
2.4 Control and strategies of dialogue 
 
To reach the objective based on the communication acts at hand, we suggest a 
formalisation as a strategy. We distinguish a global strategy and sub-strategies: 
dialogue control strategy and creation strategies (Figure 8). 
Figure 8: The dialogue strategy 
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2.4.1 Control of the dialogue 
The controller of the dialogue must organise, evaluate, repair and maintain the 
dialogue throughout the process. It can propose alternative ways (repair) if 
something goes wrong. At every step of the dialogue, the controller of the 
dialogue relies also on the state of the dialogue and on the state of satisfaction of 
the legend in order to manage the process. The conversional goal has to be 
reached: the dialogue must be maintained in either case until it reaches the main 
goal. Local negotiations may appear between interlocutors in order to improve 
the process. To do so, the server first evaluates the state of the dialogue at each 
interaction between the user and the system: does the dialogue process well? Is 
the current creation strategy good? Is it time-consuming? Is there any deadlock? 
If it detects such a problem, the controller explicitly proposes the user to choose 
another creation strategy which may better fit his wishes. The creation strategies 
are complementary. They are carried out by different dialogues proposed 
explicitly to the user through the interface. 
 
2.4.2 Strategies to create a legend 
If we think about the creation process of an expert cartographer, we see that 
there is no standard map design process: a cartographer could prefer starting 
with a blank page and designing one theme after another; another one could 
prefer choosing his colour schemes and then applying it to several main themes. 
A dialoguing machine that aims at sustaining a legend design process should be 
able to follow these many possible creation strategies, according to the user’s 
favourite way of creating (Krygier 1995). We propose two creation strategies for a 
legend: 
- Selection and refinement of a map sample (presented in the following 
section): the user selects a map sample, applies the sample legend to 
his data and refines the legend. 
- Selection of colours: the user selects painters’ palette of colours 
(Christophe 2008). 
 
Throughout a creation strategy, the system evaluates the specifications of the 
legend under-construction and detects eventual inconsistencies during an 
interaction between the interlocutors: A user might first state that he does not like 
a shade of “Blue Colour”, and then change his mind. The system must detect it, 
warn the user against this inconsistency and propose him to define again his 
constraint about the “Blue Colour”. Moreover, the system must also detect the 
problems of cartographic rules violations and guide the user to improve his 
choices. Local negotiations are thus required to solve these kinds of problems. 
All local negotiations are explicitly done between interlocutors through the 
interface. Thus, the system assists the user in making accurate styles, while 
favouring his creativity. 
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In the next part, we focus on the first creation strategy we proposed, i.e. “to select 
and refine a map sample”. 
 
3 OUR FIRST CREATION STRATEGY: TO SELECT AND REFINE A MAP 
SAMPLE 
 
In spite of a widespread creation strategy of “starting from scratch”, we choose 
the approach of picking ideas from correct examples and call this strategy “select 
a sample and refine it”. This section focuses on the implementation of this 
strategy. First we detail it. Then we focus on the issue of the exploration of the 
Map Sample Data Base (MSDB). Finally we present our prototype under-
construction. 
 
3.1 Main lines 
 
The two main steps of this strategy are detailed below. As explained before, the 
map samples consist of various legends applied to topographical data on a 
predefined area. 
 
3.1.1 Step 1: “Select a sample”:  
The purpose of this step is the choice of the most satisfying legend in the Map 
Samples DataBase. The different interactions of this step are: 
- The system displays six map samples at a time, 
- The user comments a sample or a colour by clicking on it and with the 
help of a contextual menu, by clicking on: “I like this map sample / this 
colour”, “I don’t like this map sample / this colour” or he can also accept 
definitively a map sample, 
- The user validates his comments, 
- According to those comments, the system proposes six more relevant 
samples again. 
- The user comments the new selection of map samples, or accepts 
definitively one. 
- According to those comments, the system proposes six more relevant 
samples again. 
- (…) 
- These steps are repeated until the user finally accepts the most 
satisfying sample. 
 
3.1.2 Step 2: “Refine it”:  
The purpose of this step is the slight adaptation of styles and especially colours, 
once the user finds the most satisfying sample. The different interactions of this 
step are: 
- The user clicks on a colour and with the help of a contextual menu says 
that he wants to make a change. 
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- Depending on the history of the dialogue, the system reduces the 
possibilities of modifications: the proposed colour palette for each style 
here integrates the user’s constraints and the cartographic rules as well. 
If the user wants to refine the current colour of the sea (a pale blue), the 
colour palette should propose him: 
o Either colours that are not yet used for the other objects and that 
are enough contrasted with the existent ones. 
o Or blue schemes that respect both the global contrast of the map 
and the conventional rules. 
- The user accepts to pick up a value of colour in a restricted palette, or 
he can check a box to say “I do not take care of the cartographic rules” 
and thus choose another value of colour. 
 
To provide a user-friendly system, the process to “select a sample” needs to be 
fast. Thus the exploration of the Map Samples Data Base has to be efficient. 
 
3.2 Exploration of the Map Samples Data Base (MSDB) 
 
The sets of six relevant map samples cannot be retrieved randomly from the Map 
Samples Data Base (MSDB). A random retrieval does not allow the system to 
use what it has learnt about user’s taste and need. Besides, if the selected 
samples are not representative of the variety of possible legends, the user might 
not get a representative overview of the eventual existing legends. Thus his 
choice is reduced and his creativity is held back. Accordingly, the system must be 
provided with a systemic approach to retrieve map samples. As of today, the 
MSDB has 104 map samples, but new samples should be added progressively. 
The map samples retrieval must be carried out differently depending on the 
dialogue phases: at the beginning, a large variety of samples has to be explored, 
in order to narrow down the potential samples that match the user’s taste; when a 
set of candidates has been found, a convergent search for the (probably) most 
satisfying sample must be performed. To deal with both aspects, a first possibility 
is to classify the map samples into groups easier to request and easier to 
describe. 
 
3.2.1 Pre-definite classifications 
In the context of the Master Thesis of Ménégaux (2007), we use pre-defined 
classifications based on the properties of the map samples. These properties 
(warm, pastel, luminous, sober, cold, realistic, and original) have been evaluated 
by experts in Bucher and Domingues (2006) for each map sample: the scores 
are spread at the level of 1 to 5. Then the mean of the experts’ scores for a map 
sample has been set as final evaluation for this sample. Map samples are 
clustered based on this evaluation with various thresholds: for example, “very 
luminous map samples” (i.e. final evaluation superior than 4), “realistic samples” 
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(i.e. between 2.5 and 3.5), “absolutely not original samples” (i.e. inferior than 2). 
All thresholds have been adjusted by hand, depending on the results. 
 
3.2.2 Dynamic classifications on colours distances 
Another classification is based on colours. Our purpose is to create groups of 
map samples that users should perceive as similar. Dynamic classification 
methods have thus been explored based on colour distances. We measure 
colour similarities between the map samples of the MSDB. More specifically, we 
use the distances between the primary hues of each pair of map samples. They 
have been created from the colours of the chromatic circle presented in Figure 9:  
 




Nevertheless we cannot use this circle to measure distances between hues. 
Figure 10 shows the non-uniformity of such a circle: while the distance measured 
on the circle between two sections is the same, the perceived distance between 
the yellow and green (d2) is bigger than the distance between the different blues 
(d1). We have to find a different colour representation to meet the property of 
uniformity. In the MSDB, all colours are stored with a RGB code. However the 
RGB colour space is not unique: there are different RGB spaces due to the 
definition of the referent White (Vandenbrouke 2000); i.e. the RGB codes are not 
the same depending on the used hardware and software. In our context, the 
similarities must not be different if the supporting software changes: the colour 
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space must be unique. The absolute colour reference is the XYZ system: this 
system contains all the colours visible to humans. MacAdam (1942) determined 
that the XYZ was non-uniform: in Figure 10, ellipses represent colours that 
humans perceive as equal (i.e. perceptual distance = 0). We see that the 
perceptual distance is not uniform depending on where we are on the graph. 
 




Accordingly, we have to work in a colour space where the distance between two 
colours of a colour space is similar to the distance perceived by the human eye. 
Such a colour space is called uniform: we thus used the CIE LAB uniform colour 
space (CIE 1976). All RGB-referenced colours in the MSDB have been converted 
to the CIE LAB space. This process converts the colours to the absolute XYZ 
reference system first. In a second step, the XYZ values are converted into the 
CIE LAB system. The effective distances between pairs of colours can be 
calculated as Euclidian distances. We use these distances as a similarity 
measure for the classification methods. 
 
We used unsupervised classifications and especially the X-mean algorithm for 
the classification. The K-mean algorithm segments a set of points in k groups. 
The advantage of the X-mean over the K-mean algorithm is that it dynamically 
estimates the number k during the whole process. Finally, the problem is to find 
the best segmentation. The advantage of such a dynamic classification is the 
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ability to retrieve samples that are, for example, similar to a specific hue value. 
Instead of proposing map samples from the entire MSDB, we propose prototypes 
from classes: the system should not propose map samples too similar. 
 
3.3 Prototype and Interface design 
 
Our under-construction prototype is a Java application composed of three 
modules (see Figure 11):  
 
- An interface module. 
- A system module that relies on the cartographic rules knowledge base 
and the current legend. 
- A management module for the Map Samples DataBase (MSDB). 
 
Figure 11: The three modules of our prototype 
 
 
In our context of non-expert use, the user interface must be intuitive and user-
friendly. Users connect to the application and choose to launch the dialogue and 
their preferred creation strategies by clicking the corresponding buttons. A 
visualisation screen shows the set of six samples proposed by the system 
module (see Figure 12). 
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Figure 12: Future interface with a first proposition of map samples 
 
 
During the first step, i.e. “select a map sample”, users can express their 
preferences through a contextual menu accessible via right-click on the 
according map sample: “I do not like/like this sample”, “I like/do not like this 
colour”, “I choose this sample”, as shown in Figure 13: 
 
Figure 13: the contextual menu on a map sample 
 
 
On the left of the screen, a summary zone enables users to get an overview of 
their choices: A click on “I like this colour” is displayed in the summary as 
“colour:241-123-45:++”, A click on “I don’t like this sample” is displayed as 
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“sample:ms123:--“, etc. Even if the displayed samples are modifying, users can 
still access their previous choices throughout the entire session. When the user 
has made his comments, he has to validate them. The validation of his choices 
leads to the creation of his constraints. Depending on these new constraints, the 
system proposes a set of six map samples again. The user can also stop the 
current strategy by his own decision and change to another one. His comments 
will be saved. He could also start from zero if he wants. After some interactions, 
the system proposes the most satisfying sample to the user and launches the 
second step of refinement. Alternatively, the user can always select a map 
sample directly through the contextual menu. In this case, he jumps to the 
second step to refine the selected sample. The process of the selection is still 
under-construction. The objective is to reduce the number of interactions during 
map sample selection. 
 
During the second step, “refine the map sample”, users select a colour that they 
want to modify. As explained in section 3.1.1, depending on the dialogue history, 
the system reduces the modification possibilities: the proposed colour palette for 
each style here integrates the user’s constraints and the cartographic rules as 
well. Figure 14 presents a case of a proposition of various greens, in respect of 
conventional rules for wooded areas, when the user wants to modify the theme 
wooded area. The process of the refinement is still under-construction. 
 
Figure 14: Restricted palette for the refinement of the colour of a theme 
 
 
5 CONCLUSION AND FUTURE WORK 
 
We propose a system for dialogues between users and a system to create 
satisfying and efficient maps. This dialogue relies on creation strategies in order 
to satisfy both the users’ (tastes and needs) and system’s (cartographic rules) 
constraints. We present here a first strategy based on map samples. This 
strategy is especially interesting for novice users because it is an analogical 
approach. We are currently working on its implementation. 
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We also propose a second legend creation strategy: the selection of colours 
based on the use of painter’s palettes. This new strategy needs to be specified 
more accurately first to implement it and improve the user’s creativity even 
further. After adding this new strategy, the application needs to be tested in a 
human participants test in order to see if our objectives concerning speed and 
efficiency are reached. While we do not consider important aspects like data 
acquisition, generalisation, or adapting a map for different purposes, the ease of 
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